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Abstract 
In this paper, an electrochemical sensor platform is presented in which a thin film of an ionic liquid is used as the electrolyte, in 
combination with a planar microfabricated electrode configuration. It is demonstrated that this ionic liquid film-based sensor can 
detect ammonia (NH3) at levels as low as 1 ppm in ambient conditions. Moreover, both amperometry and cyclic voltammetry are 
successfully applied to detect NH3. However, amperometric measurements are hampered by a decreasing sensitivity (‘fouling’) 
during NH3 exposure. No fouling is observed while using cyclic voltammetry for NH3 detection, which therefore seems to be the 
most promising method for practical application. 
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1. Introduction 
Ammonia is a natural gas that is normally present throughout the atmosphere in low concentrations (sub-ppb levels). 
It is part of the nitrogen cycle, in which bacteria convert nitrogen gas (N2) into different N-containing species such as 
ammonia (NH3), nitrites (NO2–), nitrates (NO3–) and ammonium (NH4+), and finally back to N2. The main human 
contributions to the nitrogen cycle are agriculture (use of fertilizers and animal manure) and combustion of fossil fuels, 
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which results in the production of nitrogen oxide gases (NOx). NH3 sensors are crucial to monitor environmental 
changes in this nitrogen cycle. 
Several more application areas for NH3 sensors have been identified, including air quality monitoring for livestock 
in stables and breath analysis for health analysis. [1] Moreover, early fire detection and identification may benefit from 
ammonia sensors, since ammonia is released from biomass fires (forest fires) [2] and from melamine dissociation that 
is commonly used as a flame retardant in polyurethane foams. [3] These foams are omnipresent for building insulation, 
furniture upholstery and mattresses.  
Ammonia can be detected using (catalytic) metal oxides, optical and electrochemical sensors. [1] Electrochemical 
gas sensors are in general widely used because of their relatively low cost, low power consumption and high sensitivity. 
However, they also suffer from some important drawbacks such as limited stability and lifetime, which are often 
related to evaporation of the electrolyte. These problems could be overcome by replacing the aqueous electrolyte by 
an ionic liquid (IL), a salt that is liquid at room temperature. ILs are non-volatile and have high ionic conductivities, 
which makes them ideal electrolytes for electrochemical (sensor) applications, although they have yet to find their way 
to commercial products. [4] 
Previously, we demonstrated the amperometric detection of ethylene using a thin IL film as the electrolyte. [5] 
Here, we demonstrate the versatility of an IL film-based platform by using the same principle for the detection of NH3, 
but with a different electrode material and a different IL. Moreover, we show that such as sensor can also be operated 
using cyclic voltammetry, which turns out to be the preferred method for NH3 detection. 
 
2. Experimental 
2.1. Sensor fabrication 
The sensors used in this work (Figure 1a) consist of three planar electrodes, fabricated by lithographical processes 
on a silicon surface. The platinum working- and counter electrodes are patterned on the surface with an interdigitated 
layout, and a gold serpentine electrode meandering between the two interdigitated electrodes is used as a quasi-
reference electrode. This is indicated in Figure 1b. The dimensions of the electrode array are 8x6 mm2. The ionic liquid 
electrolyte consists of 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide [BMIM][NTf2], of which a 
film with a thickness of approximately 5 μm is deposited on top of the electrodes by inkjet printing.  
 
 
Fig. 1. (a) Schematic representation of the configuration and operating principle of the sensor; (b) Electrode design, showing the interdigitated Pt 
working- and counter electrodes and serpentine Au reference electrode. 
2.2. Sensor evaluation 
The performance of the sensors is evaluated in a gas flow set-up. In this set-up, mass flow controllers are used to 
mix gasses to obtain the desired composition. The gas sources are a pre-mixed cylinder with 100 ppm NH3 in nitrogen, 
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and compressed dry air. Part of the compressed dry air was led through water bubblers to increase the humidity prior 
to adding the ammonia flow. High concentrations of ammonia could be achieved by using an evaporator with an 
ammonia solution. All the reported measurements are done at room temperature and 40% relative humidity. The 
sensors were connected to a  Bio-Logic SP-300 potentiostat, equipped with ultra-low current probes. The measurement 
methods included amperometric measurements, where the voltage is fixed and the current is measured, and cyclic 
voltammetry, where the currents are recorded when a reversible voltage sweep between two setpoints is performed. In 
the reported measurements, the scan rate is 50 mV/s, and the voltage range is between 0 and 1.4 V with respect to the 
gold pseudo reference electrode. 
3. Results and discussion 
The sensor was first evaluated using amperometric measurements. A voltage level was applied, and after the current 
was stabilized, the sensor was exposed to 200 ppm NH3. Figure 2a shows the response of the sensor to a stepwise 
increase from 0 to 200 ppm NH3. A fast response up to several 100 nA within 10 s is observed at 1.2 V, while a lower 
current is observed for lower voltages. The exponential potential dependence of the current (inset of Figure 2a) 
indicates reaction-limited kinetics. Upon prolonged exposure, the current starts to decrease, as is shown in Figure 2b 
for the 1.2 V exposure test. This decrease is attributed to fouling of the electrode(s).  
 
 
Fig. 2. (a) Amperometric response upon exposure to 200 ppm NH3 at different applied potentials. The inset shows the maximum response current 
as a function of applied potential; (b) Upon prolonged exposure to NH3 the current decreases, indicating fouling of the eletrode(s). 
For subsequent testing the sensor was operated with a sweeping voltage. Using the cyclic voltammetry procedure, 
a clear sensor response can be seen, even for the much lower ammonia concentration of 20 ppm (Figure 3a). When 
scanning the voltage in the upward direction, the current is higher when exposed to ammonia in the voltage range of 
0.9 V – 1.3 V. Also, an increase in the negative current is observed in the range of 0 – 0.2 V. This indicates that not 
only an oxidation reaction of ammonia is taking place, but also a reduction reaction. Moreover, in contrast to the 
observations with the application of a constant voltage, the current levels that are obtained using this method do not 
decrease upon prolonged measurements, and no fouling is observed. This may be related to the higher voltage that is 
reached, resulting in more complete oxidation of ammonia, or the reduction reaction that is observed at lower voltages 
plays a role in the improved signal stability. 
The cyclic voltammetry test was continued to investigate the sensitivity of the sensor. The NH3 concentration that 
was applied was varied between 1 and 20 ppm. It was determined that the relative current increase was highest at 
1.1 V, and therefore this current level was selected to relate to the concentration of NH3. The increase in current 
obtained at 1.1 V is shown in Figure 3b. It becomes clear from this figure that concentrations down to 1 ppm can be 
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readily detected. Above approximately 10 ppm, however, saturation of the response is observed. The current sensor 
is most suitable for low concentration detection when operated with cyclic voltammetry. 
 
 
Fig. 3. (a) Cyclic voltammograms recorded before (solid line) and during (dashed line) exposure to 20 ppm NH3. The arrow indicates the 
potential of 1.1 V selected for voltammetric NH3 detection; (b) Voltammetric response measured at 1.1 V as a function of the NH3 concentration. 
4. Conclusions 
A microfabricated electrochemical sensor was produced with interdigitated platinum electrodes to serve as working 
and counter electrode and a serpentine gold pseudo-reference electrode. This sensor, completed with a thin layer of 
ionic liquid [BMIM][NTf2] as the electrolyte, was successfully demonstrated as an NH3 sensor. It was shown that 
1 ppm NH3 can be detected in ambient conditions (room temperature, 40% RH). The detection of NH3 was 
demonstrated both by amperometry and cyclic voltammetry. The detection based on cyclic voltammetry seems more 
feasible, because low concentrations could be clearly detected and sensor operation is not hampered by a decreasing 
sensitivity during NH3 exposure.  
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